Abstract. The Dirac equation is solved for an electron in a Kerr Newman geometry using an adaptation of the procedure of Chandrasekhar. The corresponding eigenfunctions obtained can be represented as series of Jacobi polynomials. The spectrum of eigenvalues can be calculated using continued fraction techniques. Representations for the eigenvalues and eigenfunctions are obtained for various ranges of the parameters appearing in the Kerr Newman metric. Some comments concerning the bag model of nucleons are made.
This property allows one to study linear gravitational perturbations, for example, in the neighborhood of a Kerr space time solution. Solutions of Maxwell's equations and the Dirac equation can also be obtained by this method. The separable functions that arise have been studied by a number of authors [4] [5] [6] [7] [8] . In this article, after rederiving the separability of the Dirac equation in the Kerr Newman space time background 9], we develop new methods for solving the resulting equations. In particular we compute the spectrum of the separation parameter for small values of the parameter a, as well as for large values. Using symmetry properties of the equations in the angular variable we reduce the problem to one involving a three term recurrence relation. This enables the spectrum to be computed in terms of continued fractions. In addition to developing properties of the dependent separation functions we derive a three term matrix recurrence relation for the separated r dependent equations. Representations of these solutions for large a and r are then developed. For the particular case of at space, expansion theorems are given for the r dependent functions. Finally we comment on the applicability of these functions to bag models of nucleons.
We use consistently the spinor notation of Penrose and Rindler 10] and, in particular, the null tetrad formalism. The Kerr We restrict the argument that follows to the case when " = (?1) j?m ; the case when " = (?1) j?m+1 can be treated similarly. It is easy to verify that L is formally self-adjoint with respect to the inner product. Moreover, the operator L 0 on this space is self adjoint with discrete spectrum and the facts that 1) the product of a compact operator and a bounded operator is compact, and 2) the sum of two compact operators is compact, it follows that the resolvent operator (L ? I) ?1 is self-adjoint and compact for real not in the spectrum. Thus L can be de ned uniquely as a self-adjoint operator with discrete spectrum 13]. It is easy to check that the spectrum is of multiplicity one. It follows from Chapter VII of 13] that L = L 0 + aV is a so called \self-adjoint holomorphic family of type (A)" de ned for all real a. The radius of convergence for each power series expansion of the perturbed eigenvalues and eigenfunctions about a = 0 is at least 1=(2 ) in the complex a plane. Moreover, the eigenfunctions found from the perturbation process form a Hilbert space basis for all real a. For large a the asymptotic form of the eigenvalues and eigenfunctions can be computed. In order to do this we look for solutions of the form The next term in the asymptotic series for the eigenvalue is given by ( where = iT, = ?S.
The functions U ;" are analytic continuations of the matrix elements of the rotation group, viz. U ;" = u ;" (i sinh A). These functions satisfy the recurrence relations induced from the rotation group matrix elements. This can be seen by invoking the relations given by Gelfand et. Without loss of generality we can assume f n (r) = n X i=0 a n;i r i with a The solutions of Dirac's equation, relative to the frame (1. . The corresponding transformation matrix acting on the Dirac spinor then has the form (r; =2; ) = e 1 2 '=2 e 0 1 A=2 e 1 2 =2 and, consequently, 0 = (r; =2; ) .
The small a expansion of P = V + V ? can be expressed in terms of Bessel functions. The rst few terms in the expressions are as it reduces to the requirement that R 1=2 = i ?1=2 R ?1=2 for r = r 0 . The boundary conditions (2.27) do not adequately describe a quantum bag although they do imply that the probability density vanishes on the bag surface. In order to solve the bag model conditions a solution must be represented as a sum of eigenfunctions of the type developed above. There are then no problems in principle with the bag boundary conditions. We shall return to this problem subsequently.
